Summary The concentration of c-erbB-2 oncogene -encoded protein (p1 85neu) in fresh tumour samples obtained at the time of surgery from 94 non-small-cell lung cancer patients (NSCLC) was determined by an enzyme immunoassay. The relative prognostic importance was estimated, and the influence of other predictors was assessed by means of a Cox's proportional regression model. Median concentration of p185 in tumour tissues was 206 U mg-' (range 21-1050 U mg-'). p185 level did not differ significantly among subgroups defined by TNM classification, histological type, sex and age. Categorization of patients by p185 level, with 206 U mg-' and 343 U mg-1 taken as cut-off values (corresponding to the 50th and 80th percentiles of the frequency distribution), showed that the recurrence rate, cumulative disease-free likelihood at the 36-month follow-up and median time from surgery to the diagnosis of recurrence worsened progressively as the level of p185 increased. Multivariate analysis confirmed the independent prognostic value of p185 level. Risk of recurrence increased by 1.304 for every increase of 100 units in p185 concentration (95% Cl 1.141-1.490) (P<0.001). These findings encourage the inclusion of p185 concentration assay in a future predictive multifactorial prognostic index in NSCLC.
The c-erbB-2 proto-oncogene (also called HER-21neu) is a member of the erbB-like oncogene family, mapped on chromosome 17 at q21 (Drebin et al, 1984; Fukushige et al, 1986 ). It encodes a membrane glycoprotein (pl85neu) that functions as a growth factor receptor. p185 protein seems to play a role in regulating epithelial cell growth (Coussens et al, 1985; Stern, 1986) . Overexpression of p185 has been reported in up to 30% of nonsmall-cell lung carcinomas (NSCLC) (Kern et al, 1990 ; ; Tateishi et al, 1991; Shi et al, 1992; Bongiorno et al, 1994; Kern et al, 1994; Harpole et al, 1995) . Several reports point to overexpression of this protein as being an independent prognostic factor associated with unfavourable post-operative outcome (Stern, 1986) . Evaluation of p185 expression may be a good candidate for inclusion in a hypothetical future multifactorial index for estimating post-operative NSCLC prognosis (Harpole et al, 1995) .
To date, p 185 protein has been evaluated by immunohistochemical methods or Western blot analysis. The former provide only semiquantitative results and are associated with a certain degree of interobserver variation. Western blot analysis is too cumbersome and time-consuming to be used for large-scale patient series. Quantification of p185 protein by an enzyme immunoassay has recently become available. Theoretically, this assay offers very valuable characteristics (Fielding et al, 1992) , rendering it a good candidate for introduction in clinical medicine for assessment of cerbB-2 expression. However, before introducing this technique as an alternative and/or complement to currently available methods, more data are needed on the performance characteristics of the test, and the clinical information yielded. The present study was designed to determine the concentration of p185neu protein in fresh samples of NSCLC tissue and to assess the relationship between p185 level and tumour recurrence.
MATERIALS AND METHODS

Study population
All patients with non-small-cell carcinoma of the lung, who underwent tumour resection with curative intent during the period October 1990 to October 1993 were considered for inclusion in the study. Resection was judged curative when the primary tumour mass was excised along with all positive hilar and mediastinal lymph nodes and with histologically proven negative margins. An additional seventeen patients who underwent lung tumour resection during the above period were excluded from the study for the following reasons: chemotherapy or radiation therapy before surgery (eight patients); death due to post-surgery complications (six patients); and inadequate amount of tissue available for p185 study (three patients). The study population comprised 94 histologically proven NSCLC patients (85 men and nine women, mean age 62 years, s.d. 9 years). All patients were consecutively studied and followed up prospectively. Histopathological diagnosis was carried out in accordance with the WHO classification of lung tumours (World Health Organization, 1982) : 61 patients (65%) had squamous carcinoma, 27 (29%) had adenocarcinoma and six (6%) had large-cell carcinoma. Tumour-node-metastasis (TNM) (Mountain, 1986) concentration for these three patients were 35,256 and 578 U mg-'.
Intra-and inter-assay coefficients of variation (CVs) were 6% and 9% respectively. Accuracy was evaluated by using a dilution test. The method yielded linear results (expected value = -0.48 + 1.02 calculated value, r = 0.95) ranging from 98 to 11 U ml' of p 185 concentration. Method sensitivity was set at 0.2 U ml-'.
Immunohistochemistry
In order to validate the ELISA technique, 40 tumours were assayed simultaneously for p185 expression by immunohistochemistry. The results yielded by both methods were then compared. Paraffinembedded blocks from the tumour were cut, dewaxed and rehydrated through graded alcohols. Following inhibition of endogenous peroxidase, the monoclonal antibody to p185neu protein, NCL-CB 11 (Novocastra, Newcastle upon Tyne, UK) was applied at a dilution of 1:20, and sections were incubated overnight. Secondary antibody, rabbit anti-mouse immunoglobulin (Dakopatts, Golstrup, Denmark) was applied at a dilution of 1:200 for 40 min at room temperature. Sections were then rinsed with Tris-buffered saline (TBS) and incubated in the avidin-biotin complex (Dakopatts, Golstrup, Denmark) for 30 min. Diaminobenzidine was used as chromogen and haematoxylin as nuclear counterstain. With each batch, both positive and negative controls were included. For interpretation of the immunohistochemistry, membrane or membrane and cytoplasmic reactivity were considered to be positive. Staining was semiquantitated as follows: 0, no staining; 1, weak staining; 2, strong staining. (Cox, 1972) . Two-way interaction effects between p185 concentration and other variables were assessed. For the final model, the assumption of proportional hazards was confirmed both graphically (Miller, 1981) and by introducing the interaction of p185 level with the log of time as a time-dependent covariable (Breslow et al, 1987) .
RESULTS
Description of p185 concentration
Concentration of p185 in tumour tissue ranged from 21 to 1050 U mg-', with a median value of 206 U mg-' (25th and 75th percentiles were 111 and 306 U mg-' respectively). A graphical representation of the frequency distribution of p185 levels is shown in Figure 1 .
Distribution of values was positively skewed. Observation of the histogram allows two populations to be discerned, with 400 U mg-' acting as the cut-off point. On the left, 84% of tumour samples plotted a near-normal distribution, ranging from 21 to 343 U mg-', with a median value of 200 U mg-1. On the right lies the group of patients with the highest p185 values, with the frequency distribution of concentrations forming a long plateau. Concentration of p185 and distribution of results by patients' characteristics are shown in Table 1 . p185 level did not differ significantly among subgroups defined by TNM classification, histological type, sex and age. Adenocarcinomas and large-cell carcinomas showed higher concentrations than squamous carcinomas, but the difference did not reach statistical significance. When adenocarcinomas and large-cell carcinomas were grouped together, the comparison with squamous carcinomas showed borderline significance (P=0.08).
Concentration of p 185 in lung tissue from patients with idiopathic pneumothorax ranged from 52 to 240 U mg-', with a median value p185neu in NSCLC 687 Months has not yet been reached. Thirty-six month cumulative diseasefree survival probability was 25% (95% CI 6-51) in the high-level Stratification for other variables did not change the predictor value of p185 (Table 3) . For all categories, the best results were registered by patients with lowest p185 levels, but small numbers prevented the study from having sufficient statistical power to attain significance at a 95% CI level.
Results of the multivariate model are set out in Table 4 . Squamous carcinomas and adenocarcinomas were taken as the reference group for histological type as, in the univariate analysis, these categories displayed no differences vis-'a-vis likelihood of relapse. Similarly, stages II and Illa were analysed jointly. In the final model, p185 was deemed a continuous variable, thereby avoiding adoption of arbitrary cut-offs. p 185 level revealed itself to be an independent predictive factor. Risk of recurrence increased by 1.35 for every increase of 100 units in the concentration of p 185 (95% CI 1.141-1.490, P<0.001).
Graphical analysis did not show any violation of the proportional hazards assumption, and the interaction between exposure and time was not significant. This latter result implies that, for the follow-up period considered, p185 concentration did not lose its predictor value with time.
Comparison between ELISA and immunohistochemistry Positive reactivity to p185 was detected by immunohistochemistry in 16 (40%) of the 40 tumours in which p185 expression was assessed by both methods. 
DISCUSSION
Our data show that c-erbB-2 expression is an independent prognostic factor for tumour recurrence in resectable NSCLC. The main contribution of our study is to show that post-operative outcome figures and risk of recurrence worsen proportionally with a rise in p185 levels in tumour tissue. We have observed that evaluation of p185 expression as a continuous variable enables the predictive information of this marker to be more efficiently exploited than if analysed as a dichotomous variable.
Risk of recurrence increases by 1.304 for every 100 U mg-' rise in the p185 level. According to the results obtained in the multivariate analysis, TNM staging and histological type are the most important predictive variables for patients with p185 levels lower than 100 U mg-'. As p185 concentration increases, however, the risk attributed to this marker increases too. In patients with p185 levels over 600 U mg-', the negative influence of the protein becomes even more important than the influence of TNM staging and histological type. This fact underscores the need to avoid dichotomous results (positive vs negative), at least in those cases in which such a marker is employed for assessing the prognosis. Although a cut-off point is occasionally used to define a high-or low-risk group of patients, this approach tends to oversimplify and even distort the relationship between variables and outcome.
Predictive multivariate models can be used on a case-by-case basis to calculate risk of post-operative recurrence. Using the hazard ratios, one could estimate the risk of recurrence for any patient by multiplying the ratios for all factors present. An example of this would be a calculated risk for a patient with stage Illa squamous carcinoma and p185 concentration of 350 U ml-', nine-fold higher (1.304 x 1.304 x 1.304 x 4.063 x 1) than for a patient with stage I squamous carcinoma and p185 under 100 U ml-'. The possibility of individualized patient management based on p185 levels and, in particular, that of tailoring adjuvant chemotherapy to high-risk patients is an attractive prospect. A treatment protocol could be constructed, with patients being stratified according to a given calculated risk vis-a-vis the overall population. Those patients at high risk for recurrence and death would receive adjuvant chemotherapy. However, in vitro and clinical studies would first have to investigate the ideal chemoradiation therapy for tumours expressing the marker. At present, in vitro studies with NSCLC cell lines show that c-erbB-2 overexpressing tumours are less likely to respond to standard doses of chemotherapy (Tsai et al, 1995) . Adequate agents and programmes should be defined.
We cannot clearly define a diagnostic cut-off value from our data. Immunohistochemically based studies show that 30-40% of NSCLC tumours react positively to anti-p 185 staining (Harpole et al, 1995; Kern et al, 1990; Shi et al, 1992; Tateishi et al, 199 1; Weiner et al, 1990) . According to the frequency distribution of our series, the proposed cut-off furnishes a percentage of positivity for tumour tissue similar to that yielded by immunohistochemically based studies. Our cut-off corresponds to the highest concentration found in the idiopathic pneumothorax group. However, further studies using normal lung and non-malignant tissue from patients with lung cancer are needed to clearly define the normal range of values for p185 concentration, something which at present remains unknown.
On the other hand, our data confirm the feasibility of the enzyme immunoassay for p185. Not only did it show good accuracy and precision, but the technique itself is simple and repeatable. Results are expressed in a manner that is both objective and comparable and can be put at the clinician's disposal within a very short space of time. These features facilitate routine use of the assay in clinical medicine. In addition, sensitivity is very high so that, theoretically, the test may be performed on material from bronchoscopic biopsies as well.
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Recently published reports indicate that there is a close relationship between the enzyme immunoassay for p185 and immunohistochemistry (Cuny et al, 1994; Dittadi et al, 1992; Narita et al, 1994; Nugent et al, 1994) . Both techniques can be seen as complementary methods for assessing tissue parameters. While immunohistochemical testing gives the tissue distribution of the examined parameter, biochemical methods provide an integrated and quantitative analysis.
The current study shows that p185 concentration is an objective and comparable parameter for assessing NSCLC tumour-phenotype aggressiveness. In future, a score derived via a multipleregression approach, combining the TNM classification system for anatomic description of tumour spread and one or several parameters for the assessment of tumour aggressiveness, may generate a patient-specific prognostic index. p185 assay is a good candidate for inclusion in such a multifactorial predictive model.
